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Abstract 


This  study  exmained  the  effeota  of  heat  oc  sustained  a-mtal  perforaanoe 
by  sedentary  female  aoldiara  clad  Is  ohemioal  protaotlva  clothing.  Savantaan 
woan  trained  for  2  weeks  oc  military  tasks.  Than,  thay  performed  tha  tasks 
for  7-h  parioda  oc  4  auooaaaiva  daya  [Daya  1  and  3=21.1  C,  355rh,  battla  draaa 
unifora.  (BXKJ)j  Day  2*12.8  C,  35*rh,  protective  clothing  ovar  BHJ|  Day  4*32.8 
C,  6lfrh,  protaotiva  olothing  'var  BIO].  Aftar  3  h  in  tha  haat  in  protaotiva 
olothing,  group  parforaanoa  bagan  to  datariorata.  TVo  parsons  had  to  be 
avaouatad  in  the  3rd  b  of  exposure,  3  in  tha  4th  and  5  in  tha  5th.  The 
remaining  7  shoved  no  adverse  effeots  on  parforaanoa  of  any  task.  No 
differences  vara  found  betveen  oasualties  and  non-roasualties  in  reotal 
temperature  or  vater  consumption.  Parforaanoa  of  a  majority  of  tha  group  also 
vas  adversely  affeoted  by  tha  protaotiva  clothing  at  12.8  C,  35frh.  Ve 


oonolude  that  tha  affaots  of  heat  and  protaotiva  olothing  on  voaan  are  aore 


severe  than  on  nan,  but  tha  reasons  are  not  dear  at  this  tiae. 
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Iffeot  of  Heat  and  Cheaioal  Protective  Clothing  on  Sustained 
Mental  Performance  by  Peaale  Soldier* 

Barnard  J.  Pina,  H.A.,  Ph.D. 

U.S.  Aray  Fat ear oh  Institute  of  Environaantal  Madioina,  Matiek,  MA 

nia  olothlng  system  currently  issued  to  ailitary  personnel  for  proteotion 
again* t  ohanloal  agents  is  relatively  iaperneabl*  and  substantially  limits  the 
dissipation  of  heat  froa  within.  The  increased  heat  load  has  been  shown  to 
have  an  adverse  effeot  on  the  performance  of  tasks  requiring  either  physical 
(3,7,8, 9)  or  aental  (4,5,11,12)  effort  in  both  temperate  and  moderately  hot 
environments . 

With  specific  regard  to  so-called  "aental"  work,  Pin*  and  Kobrlok  (4,5) 
found  that  the  performance  of  a  group  of  highly  trained  aale  soldiers  began  to 
deteriorate  aarkedly  after  four  to  five  hours  of  sustained  work  at  32.8  C, 
6Hrh  while  wearing  a  chemical  protective  enseabl*.  By  the  end  of  seven  hours, 
average  group  aoouraoy  had  decreased  17-23%  froa  oontrol  conditions  for 
investigator-paced  task*.  Aoouraoy  on  self-paced  tasks  was  not  affected,  but, 
with  self-pacing,  productivity  deolined  to  about  40f  of  oontrol  conditions . 

All  of  the  available  information  about  sustained  aental  perforaaao*  while 
wearing  protective  olothlng  in  the  heat  appears  to  have  been  obtained  froa 
aales.  Yet,  while  women  are  not  permitted  in  the  ooabat  arms,  significant 
numbers  of  then  are  in  support  units  whloh  are  likely  to  be  involved  in 
orltioal  situations  where  oheaioal  agents  can  be  present. 

There  appears  to  be  no  basis  upon  whioh  to  predict  differential  oognitiv* 
performance  of  women  relative  to  men  under  oondltions  of  heat  stress  and 
protective  olothlng.  Stephenson  and  Kolka  (13)  have  noted  that  there  have  been 
few  thermoregulatory  differences  shown  between  sen  and  women  in  studies  whioh 


2 


have  been  properly  controlled  for  faotore  (e.g.,  phynioal  fitness)  whiun 
independently  affeot  thermoregulation.  Vhile  there  la  some  evidence  that  both 
mental  performance  (2)  and  thermoregulation  (13)  vary  with  menstrual  cycle, 
thara  appears  to  ba  no  avidanoa  linking  mental  performanoe  with 
thermoregulation . 

Thla  atudy  vaa  undartakan  to  provida  apaolfio  information  about  faaala 
performance  of  aantal  work  in  tha  haat  while  wearing  cheaioal  protaotiva 
olothing.  It  la  a  replication  of  tha  raaearoh  reported  by  Pine  and  Kobriok 
(4,5)  with  nale  aoldiera.  T ha  fooue  of  thla  firat  atudy  of  women  waa  on 
performance  rather  than  on  the rao regulation. 

As  in  Pine  and  Kobriok  (4,5),  three  important  criteria  have  been  obaerved 
in  the  deelgn  of  the  reaearoht  (a)  partloipanta  performed  taaks  that  would  be 
required  of  at  leaat  some  troope  during  a  ohemioal  attack,  (b)  the  taaka  ware 
ovarlaarned,  aa  they  would  ba  among  highly  trained  troopa,  and  (o)  exposure  to 
atreaa  waa  at  least  for  aa  long  a  tine  aa  the  olothing  is  considered  to 
provide  protection. 

The  taaka  in  this  atudy  have  bean  used  effectively  in  previous  research 
(4,5,6,  and  in  unpublished  researoh  by  Pina  and  Kobriok).  They  ware  modelled 
after  components  of  taaka  performed  by  members  of  Artillery  Fire  Direction 
Canter  (FDC)  teams ,  forward  observers  and  communications  personnel,  and  are 
considered  to  be  among  the  a»at  important  types  of  taaka  that  would  ba 
performed  by  troops  under  attaok  by  ohemloal  or  any  other  weapons. 

MATERIALS  AMD  METHODS 

Subjects  1  18  female  soldier  volunteers,  ages  20-34  ( median* 22 ) ,  were 
studied.  All  wars  soreened  by  a  medical  offioer.  Beoauae  of  tha  need  to  wear 
a  ohemloal  mask  in  the  atudy,  all  personnel  were  required  to  be  able  to  read 
without  glasses  or  to  possess  optioal  inserts  for  tha  mask.  Participants  ware 


briefed  an  the  purposes,  design  and  potential  hasards  of  ths  study  and  signed 
voluntary  oonaent  foru .  (Hi#  research  conformed  to  AH  70-25  and  USAMRDC 
Regulation  70*25  on  Uae  of  Voluntaara  in  Research.) 

Tasks i  Pour  tasks  vara  uaad  a a  tha  major  dspendsnt  varlablaa.  Baoh  wu 
designed  to  ba  oonalatant  with  oontrollad  aoiantifio  investigation  and  to  have 
credibility  aa  a  ganulna  military  aotivity. 

(1)  "Codebooki"  Raoaiving  and  decoding  pravioualy  tapa-raoordad  military 
communications,  varying  in  length  from  five  to  eight  words,  which  war# 
tranamlttad  a a  radio  massages  through  headsets.  Tha  task  required  that  eaoh 
oodad  message  be  written  a a  received,  be  deooded  by  referring  to  a  simulated 
Army  oode  book,  and  the  translation  written  on  an  appropriate  form. 

(2)  "Codewheel i"  Receiving  and  decoding  map  grid  coordinates  whioh  were 
transmitted  as  radio  messages  through  headaeta.  The  oodad  information  had  to 
be  written  as  reoeived,  the  appropriate  ana  of  three  deooding  devices  ("code 
wheels")  selected,  the  alphabetic  information  deooded  into  nuaerio  format  and 
tha  result  written  on  a  form. 

(3)  "81tes"  Computation  of  "Site,"  a  oorreotion  for  tha  asymmetrical 
trajeotory  of  an  artillery  round,  involves  the  use  of  s  speoial  slide  rule  and 
ths  manipulation  of  numbers.  (Computsrs  now  are  used,  but  proflolenoy  with 
hand  tools  1s  still  required  of  aoma  FDC  members.)  Tapa-raoordad  information 
was  tranamlttad  ov#r  head • eta  in  authsntio  military  format.  Ths  information 
had  to  be  written  as  reoaived,  addition  and/or  subtraction  performed,  tha 
resulting  data  sntsrsd  into  tha  alidt  rule,  the  rule  appropriately 
manipulated  and  answers  read  from  it  and  written  acourately  on  a  form. 

(4)  Plotting  targets  on  maps  and  dstarminlng  ranges  and  defleotionsi  All 
participants  wars  given  identioal  maps  and  identical  lists  of  targets  to  plot. 
They  ware  required  to  plot  each  target,  using  an  artillery  plotting  soale, 
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•ark  the  looetion  o I  the  target  with  a  sap  pin,  draw  a  oirole  around  it  and 
write  tfca  target  rroaber  in  tha  circle .  They  also  vara  required  to  deteraine 
tha  range  and  dafleotloa  of  tha  target  froa  a  designated  Uttwj  (pra-plottad 
on  tha  sap),  using  an  artillary  protractor .  Answer*  had  to  ba  writ tan  on  a 
fora  and  inoludad  tha  tiaa  of  oosplation  of  tha  oadoulationa  for  aaoh  tar fat , 
enabling  quantifioation  of  nuaber  of  target#  plot tad  par  unit  of  tiaa.  A 
furthar  complication  waa  introduoad  by  having  a  number  of  "Ho  Pire  Zonae," 
dal in aa tad  Joy  aata  of  grid  coordinates,  listad  or  aaoh  paraon'a  raport  fora. 
Awaranaaa  of  thaaa  sonee  had  to  ba  indicated  by  noting  on  tha  fora  whether  or 
not  a  apeoifio  target  should  ba  fired  upon.  The  sonea  ware  changed  after  every 
tan  targata  to  prevent  their  being  seooriaed  and  to  inoraaaa  tha  need  for 
alartnasa. 

The  Site  computation  task  and  tha  two  decoding  tasks  herein  are  referred 
to  aa  "radio"  tasks.  They  ware  paced  by  tha  rata  at  which  tha  radio  sassages 
were  sent  ( "in veati gator -paced" )  and  oould  not  ba  controlled  by  tha 
participants.  Tha  aap  plotting  task  at  tises  was  "investigator-paoed"  and  at 
other  tiaae  was  "aalf-paioad,"  i.e,f  aaoh  person  had  oontrol  of  her  own  work 
rata  (see  below). 

Tha  subjeote  did  not  know  whioh  of  tha  three  radio  tasks  they  had  to 
perform  until  a  apeoifio  aaaiaga  arrived.  Tha  sassages  ware  realistic  in 
oontant  and  for  and  inoludad  a  variety  of  speaking  voioaa  and  transient 
background  noises. 

txperiaental  Design  and  Prooeduret  Tha  subjeots,  in  six-person  groups, 
ware  scheduled  to  arrive  at  three-week  intervale.  Pour  groups  ware  axpaotad 
over  approximately  three  souths.  Because  of  long-range  soheduling  problems  and 
attrition  of  aalaotad  individuals  prior  to  arrival,  five  groups,  varying  in 
•Isa  froa  three  to  four  persons  (H*l8)  were  obtained  over  a  period  of  six 


•oath*.  Itch  group  eo*pl«t*4  it*  assignment  prior  to  th*  arrival  of  tha  next 

OMa 

Baoh  group  was  trainad  intanaivaly  for  two  weeks  (exolusiv*  of 
week-ends) ,  6-7  h/day,  follow  ad  by  on*  "experimental"  waak,  tha  purpoaa  of 
which  wa*  to  avaluat*  performance  in  tha  boat  vhila  wearing  ohealoal 
protaotlva  clothing.  Both  training  and  subsequent  axpariaantation  took  plaoa 
in  environmentally-controlled  faoilltlas. 

Tha  olothing  anaaabla  worn  is  known  a*  th*  Hist ion  Oriented  Protaotlva 
Poatura  (MOPP)  system.  It  provider  4  level*  of  inoreaaing  ohaaioal  proteotlon 
praparadnaaa,  ranging  froa  minieua  (MOPP-I)  to  maximum  (MCPP-IV).  MOPP-IV, 
whioh  was  used  in  this  study,  la  total  anoapaulatlon,  and  lnoluda*  a  two-piaoa 
suit,  worn  ooopletely  oloead  over  tha  battle  dreas  uni fora  (BUD) ,  along  with 
boots,  glovaa,  aaak  and  hood. 

Training  for  tha  radio  tasks  began  with  a  simple  written  format  and 
baoaa*  increasing] y  complex ,  culminating  in  realietioally  simulated  military 
ooaaunloations.  During  training,  aavaral  hundred  radio  aaaaagaa  ware 
praotioed,  end  hundreds  of  targeta  were  plotted  on  aapa.  For  all  task*,  there 
was  within-seeelon  feedbaok  of  oorraotnass  of  responses  and  disoussion  of 
errors  and  tholr  oauaes.  Bnphaais  initially  was  plaoed  on  aoouraoy  and  latar 
on  speed,  as  aoouraoy  goals  ware  achieved.  All  aubjeots  received  constant 
individual  attention. 

During  th*  first  waak  of  training,  participant*  gradually  war*  introduoed 
to  performing  th*  tasks  while  wearing  MOPP  glovaa  and/or  mask.  During  th* 
saoond  weak,  they  performed  th*  task*  daily  in  th*  morning  with  and  in  th* 
afternoon  without  the  MOPP -IV  system  at  appropriate  ambient  temperatures  (ess 
below).  By  th*  beginning  of  th*  "experimental”  week,  everyone  bad  performed 
all  of  the  tasks  In  MOPP-IV  for  about  8  h,  spread  over  5  d. 


Th#  axparlaantal  vtik  prooaadad  aa  follow*  i  Monday -Two  1  h  "rafraahar" 
session*  to  ra-aatablieh  pr*-w**k*od  parforaano*  l*v*l*  oo  th*  teak*  (21.1  C, 
35|rh)f  Tu**day-nSm^Cootrol>1Mt  7  h  at  21.1  C,  35>rh,  battle  draaa  unlforat 
W#dn#aday-"MOPP-Control" t  7  h  at  12.8  C,  35Srb ,  MOFP-IV  worn  over  BIX}; 
Thuraday-"BD0-Control-2"i  mm  m  Tuaadayj  Priday-"H0PP-HMt-8tr*aa"i  7  h  at 
32.8  C,  61%rh,  KQPP-TY  worn  ovar  BUD. 

Th*  MOPP-Control  day  waa  kapt  at  12.8  C  ao  that  it  would  b*  th*  phyaleal 
equivalent  of  th*  21.1  C  BttJ-Control  condition  for  a  7-h  azpoaur*  (calculated 
by  J.R.  Breokanridg* ,  thia  Inatituta).  This  "matching"  of  anvironaanta  waa 
don*  to  lnaur*  that  parforaano*  in  th#  MOPP-Control  condition  reflected  only 
th*  aff*ot  of  waarint  th*  protaotiv*  ensemble,  and  not  th*  affaot  of 
additional  h*at  du*  to  encapsulation. 

Th*  radio  taaks  war*  praaantad  aa  1-h  blooka  of  aaeaagae.  Twanty-fiv* 
Baaaages  were  a«mt  to  aaoh  participant  par  h.  Piv*  of  th*  a#*aag**  war* 
"lrr*l*vant , "  1.*.  typaa  of  awaaage*  to  whioh  the  participant*  had  baan 
trainad  not  to  respond.  Of  th*  remaining  aaaaaga* ,  6  wars  oodavfaeel,  6 
oodabook  and  6  computation  of  8it*.  Th*  typ*  of  Msaage  and  th*  intarval 
batwaan  aaaaagaa  varied  ao cording  to  a  pra-dat# mined  random  pattern. 

Interval*  ranged  from  approx iaataly  30  a  to  ovar  2  aln.  Thar*  war*  no 
duplicate  sassages  throughout  th*  entire  experiment. 

Ivevyon*  raoeivad  idantioal  Maaagaa  within  aaob  tour.  However,  th*  order 
varied  froa  parson  to  paraon,  i.*.,  participant  #1  raoeivad  a  aaquano*  of 
aaaaagaa  froa  #1  to  #25,  and  had  th*  sea#  aaquano*  for  all  hours  in  whioh  ah* 
raoalvad  aaaaagaa.  Participant  #2  raoalvad  idantioal  aaaaagaa ,  but  bar 
aaqueno*  started  with  aassag*  #2  and  ended  with  a** sag*  #1.  Participant  #3 
started  with  mb  saga  #3  and  and  ad  with  ms  a  age  #2  and  so  on.  This  prooadura 
and  the  randoaly  varlabla  intervals  batwaan  aaaaagaa  lnaurad  that  avaryona  waa 


working  independently. 

The  radio  aniicn  were  presented  four  times  on  eaoh  of  tha  four 
experimental  days  u  hours  1,  3,  5»  sad  7.  The  hours  wars  matched  in  taras  of 
tha  ordar  and  diffioulty  of  tha  mesaages,  e.g. ,  if  eesaage  #3  was  a  oodabook 
sms saga  in  hour  #1,  not  only  was  it  a  oodabook  message  in  hours  3,  5  and  7, 
but  it  also  ooatainsd  tha  aaaa  nuaibar  of  words  to  deoode. 

While  monitoring  for  radio  sassages,  participants  also  plotted  targets 
and  deterained  ranges  and  defleotions.  However,  radio  maeaegae  ware  assigned 
highest  priority.  Hap  work  was  lntarrupted  in  ordar  to  respond  to  radio 
nessages  and  to  oarry  out  tha  required  perf oreanoes .  Hap  work  was  then 
resuaed.  Thus,  during  hours  1,  3,  5,  and. 7,  everyone  was  continuously  engaged 
in  eental  work. 

During  the  2nd,  4th  and  6th  hours,  everyone  worked  continuously  on  sap 
problems  and  were  interrupted  twice  for  brief  individual  testing  of  contrast 
sensitivity  and  eye-hand  coordination  (to  be  reported  elsewhere).  Daring  these 
hours,  everyone  worked  at  her  own  paoe  on  the  sap  task  for  at  least  30  minutes 
without  interruption. 

Kaoh  "one-hour"  period  inoluded  a  10 -min  rest  period. 

As  a  precaution  on  the  HOPP-Heat-Strees  day,  reotal  temperatures  were 
monitored  at  5-mln  intervals  (sore  frequently  if  temperatures  approaobed  39 
C).  Safety  regulations  required  removal  of  personnel  from  the  heat  if  reotal 
temperature  reaohed  39.5  C.  Water  was  kept  readily  available,  drinking  was 
encouraged  and  consumption  was  monitored  to  assure  adequate  hydration. 
Drinking  while  wearing  the  HOPP  mask  was  accomplished  by  means  of  a  rubber 
tube  oonneotlng  mask  with  canteen.  No  food  or  beverages,  other  than  water, 
were  oonsumed  during  any  of  the  experimental  sessions.  During  training, 
smoking  was  permitted  only  during  breaks.  It  was  not  permitted  during  the 
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experimental  sessions.  Aooest  to  a  portable  toilet  m  permitted  during 
experimental  aeeilons,  but  wi  discouraged.  Vary  few  persona  availed 
thomselvss  of  tha  opportunity  and  those  did  ao  only  durinf  rut  periods. 
RESULTS  AND  DISCUSSION 

The  data  of  one  participant  were  axoludad  from  analyaia  baoauaa  of 
irrmgularitiea  in  behavior  and  parf ormanoe . 

The  radio  taaka  vara  aoorad  for  aoouraoy  using  tha  oritaria  of  kina  and 
Kobriok  (4,  Appandix  6).  Baoh  raaponaa  was  ohaokad  indapandantly  by  two 
aoorara.  Their  evaluation*  than  vara  compared  and  diaorapanoiaa  vara  raaolved 
by  dlaouaaion. 

Thera  vara  two  typaa  of  arrorai  oaiaaion  and  oOBBiaaion.  Omiaeion 
involved  miaaing  part  of  an  incoming  sea a age  or  performing  an  inoomplete 
translation  of  it.  Coaaiaaion  involved  raoording  inooaing  information 
erroneously  or  erring  in  computing  or  translating  it. 

In  tha  NOPP-Heat -Street  oondition,  10  parsons  had  to  be  evacuated  for 
medloal  reasons |  2  in  tha  third,  3  in  tha  fourth  and  5  in  tha  fifth  hours.  All 
evaoueea  had  either  fainted,  given  indications  that  they  vara  about  to  faint 
or  vara  judged  incapable  of  continuing  by  tha  medical  offioar  and/or 
investigator.  Criteria  entering  into  the  decision  to  evacuate  included 
dissiness,  incoherent  responses  to  questions,  feelings  of  total  exhaustion, 
oesaation  of  performance,  or  an  expressed  statement  of  desire  to  terminate.  No 
one  was  removed  beoauae  of  hyperthermia.  Average  reotal  temperature  at  time  of 
removal  for  10  persons  was  38.2  C;  only  1  person  reaohed  39.0  C.  Average 
temperature  for  tha  7  woman  who  ware  not  evaoueted  was  38.0  C  for  eaoh  of 
hours  5  and  7.  No  differences  in  water  consumption  were  found  between  evaouees 
and  those  who  remained  for  the  entire  exposure.  Body  weights  were  not 
obtained,  eo  weight  lose  oould  not  be  ascertained. 
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fephasls  wu  on  unit  psrfonesnoe,  beno* ,  u  in  Pins  and  Kobriok  (4,5)* 
tvaoue—  war*  gtvsn  the  ■axlaua  nuabar  of  oalealon  wort  poaelbls  for  the 
radio  taaka  and  aoored  a a  having  plottad  no  ttrnta  f or  the  Una  period  they 
ala* ad.  Group  average*  ara  raportad  for  all  taaka  and  raflaot  thia  aathod, 
which  pro v Ida*  a  aora  raallatlo  aaaaaaaant  of  unit  parforaanoa  than  would  tha 
axolusion  of  data  froa  avaouaaa.  lesantially,  this  la  a  "worst  oaas"  analysis, 
heavy  weight  being  plaoad  on  beooning  a  oaaualty,  aa  it  would  b*  in  a  ooobat 
situation.  Thia  procedure  haa  baan  diaouaaad  by  othara  at  various  tins*  (  aa* 
Pina  and  Kobriok |  6,  peg*  121). 

Vith  raapaot  to  tha  ovarall  parforaanoa  of  tha  group,  it  is  important  to 
not*  that  tha  7  woaan  who  war*  not  avaouatad  ah o wad  no  aignlfioant  advaraa 
affaota  of  heat  on  tha  parforaanoa  of  any  task. 

Analyte*  of  varianoe  (AHOVA'S)  war*  ooaputad  for  aaoh  of  tha  taaka,  using 
tha  error  sooraa  of  saoh  subjaot,  in  order  to  datarains  tha  affaots  of 
axparlnantal  oonditions,  alapsad  hours  of  work  and  their  interaction*  on  task 
perf oraano* .  The  results  of  thas*  analyses  ara  prasantad  in  tha  tart  below. 

Tha  nuabar  of  errors  aada  by  aaoh  parson  on  aaoh  radio  task  was  oonverted 
to  paroant  of  total  posaibl*  error*  for  that  task.  The  percentages  than  war* 
averaged  for  tha  group,  and  ara  tha  basis  for  the  graphs  ustd  btrtin. 

"Internal"  comparison* ,  i.a.,  diffaranoaa  between  elapsed  hours  of  work 
within  oonditlona  or  between  ocnditlona  after  n  given  nuabar  of  hours  of  work, 
wars  aade  using  ths  Least  Significant  Diffsrenos  Tsst  (1,10). 

C0DSB00K:  Ths  rssults  for  ths  Codsbook  task  ara  ahown  in  Pig.  1  and 
represent  errors  of  oadssion  and  oomisaion  combined. 

IHSIRT  PI00R3  1  ABOUT  HSRE 

The  APOVA  for  tha  oodabook  task  resulted  Jn  aignlfioant  aaln  effect#  for 
Conditions  (FMO. 31  fd.f .*3»256jp<0. 00001 )  and  tlapesd  Hours  of  Vork 
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(F*11. 93»d.f .*3»256jp<0. 00001)  and  a  significant  interaction  between  th*  tvo 
(F*7.51jd.f.*9,256ip<.00001). 

There  ware  bo  significant  difference*  between  th*  two  HW-Ccntrol 
condition*  at  any  hour  o f  testing,  nor  were  th»r*  any  differ* no#*  between 
houra  of  testing  within  either  of  tha  B DO -Control  oondltlona.  This  indioataa 
that  tha  group  had  raaohad  a  oonaiatant  laval  of  performance  which  did  not 
vary  significantly  ovar  7  h. 

Daapita  approxiaataly  8  h  of  training  while  wearing  it,  tha  protective 
olothing,  by  itself  (HOPP-Control  condition),  appeared  to  oausa  a  significant 
daoraeant  in  parforaano*  of  tha  Codabook  task|  ooeparison  of  tha  HOPP-Control 
condition  with  each  BDtJ -Control  condition  yielded  significant  decrements  at 
all  hours  of  cooper is on,  Ihla  result  is  aiailar  to,  but  somewhat  stronger 
than,  that  obtained  by  Fine  and  Kobriok  (4,5)  with  Bales.  Average  group 
decrements  ranged  froa  255  to  nearly  385  over  the  7-h  period. 

No  clear*  out  effeots  of  heat  were  seen  until  the  fifth  hour.  Then, 
highly  significant  average  decrements  (575)  ooourred ,  reaching  705  after  7  h. 
(It  should  reoalled  hare  that  the  eooring  system  emphasised  unit  performance. 
Consequently,  th*  large  decrements  in  the  fifth  and  seventh  hours  were  due  to 
the  evacuation  of  many  participants  as  heat  casualties.) 

CODEVHEELi  The  results  for  the  Codewheel  task  are  shown  in  Fig.  2.  For 
total  errors  (errors  of  omission  plus  oomaission),  an  AN OVA  yielded  a 
significant  main  effeot  for  Conditions  (F*40.76|d.f.»3.256|p<0. 00001)  and 
Elapsed  Houra  of  Work  (P*8.41 jd.f .*3*256jp<0. 00001)  and  a  significant 
interaction  between  the  two  (F*7.87|d.f ,*9i 256jp<0. 00001). 

INBERT  FIGURE  2  ABOUT  HERE 

As  with  the  Codebook  task,  performance  in  the  BDU-Control  conditions 
showed  remarkable  consistency  and  stability  over  the  7-h  period j  no 


Significant  difference*  m»  observed  between  tha  two  oonditiona  at  an/  hour 
or  between  hour*  la  altbar  ooaditloa. 

Perforaanoe  in  tha  HOPP-Control  condition  shoved  a  significant  daoraaant 
(whan  oonparad  with  both  BDU-Cootrol  oonditiona)  in  tha  first  and  third  hour*. 

In  tha  HOPP- Bast -Stress  oondition,  tha  group  ahowad  no  advaraa  affaot  of 
haat  in  tha  firat  hour.  In  tha  third  hour,  however,  parforaanoa  waa 
significantly  poorar  than  in  aithar  BDC- Control  oondition,  but  did  not  dlffar 
fro®  MOPP-Control.  Thu* ,  aa  waa  tha  oaaa  with  tha  Codabook  tank,  for  tha  firat 
thraa  hour*,  tha  dacraaant  in  parforaanoa  appaara  to  b*  attributabla  to  tha 
protaotiva  ault  par  aa  and  not  to  a  suit-heat  intaraotlon.  Tha  affaota  of  haat 
baoaaa  avidant  by  the  fifth  hour,  howavar,  and,  by  tha  and  of  tha  aavanth 
hour,  average  group  error  had  reaohed  68.61,  obvioualy  attributabla  to  tha 
evacuation  of  paraonnel. 

COMPUTATION  OP  SITBt  Thia  waa  the  only  radio  taak  in  which  tha  content 
waa  presented  twioa,  due  to  tha  relative  difficulty  of  tha  satarial.  Tha 
affaot  of  tha  Manage  repetition  la  avidant  in  tha  lower  error  ratea  (Pig.3)» 

IN8KT  PIOURK  3  ABOUT  HXRX 

ANOVA  of  total  (ooiaaion  plus  oo—iaalon)  error  aooraa  raaultad  in 
aignifioant  affaota  for  Conditions  (F»t5. 12»d.f .*3*256jp<0. 00001)  and  Elapsed 
Hours  of  Work  (P«»9.99»d.f  .«3»256jp<0. 00001)  and  a  aignifioant  Conditions  by 
Hours  intaraotlon  (F*10.23|d.f .»9,256fp<0. 00001). 

Tha  two  BTU-Control  oonditiona  ware  exceptionally  stable  over  tlMf 
BDU -Control -1  varied  lass  than  39  froa  hour  to  hour  over  tha  7  h  and 
lOT-Control-2  varied  no  aora  than  1.39.  The  two  oonditiona  also  were 
raaarkably  siailar  to  one  another j  tha  largest  diffaranoa  between  than  waa 
observed  at  hours  1  and  3  and  was  only  1.59* 

Tha  significant  daoraaant  in  psrforaanoe  in  the  HOPP-Control  oondition 
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whieh  mi  found  with  th#  Codabook  ted  Codowhaal  task*  mi  not  apparant  har# . 

Th*  KQPP-H*at-8tr#**  oondition  did  not  dlffar  fro*  th#  HOPP-Control 
oondition  In  th#  first  or  third  hou.'f ,  but  in  th*  fifth  hour  a  dranatio 
inoraa*#  in  arr or  rat*  to  54 . If  ooourrad,  attributabl#  to  tho  larg*  nuab*r  of 
•vacua**.  th#  av#r*g«  group  arror  inoraaaad  to  62%  by  tho  oovonth  hour. 

NAP  PLOTTING i  ft*  rooulto  of  this  took  ara  aaparatad  into  two  oatagorlaai 
parforaanoa  oonourrant  with  radio  aaasaga  raoaption  (hour*  1,  3,  5,  7| 
"inv#*tigator-pao#d"),  and  parforaanoa  without  that  intarfaronoa  (houra  2,  4, 
6f  "aalf-paoad" ) . 

IUNBKR  OP  TAROSTS  PLOTTED f  HOURS  1,  3,  5,  It  Th#  avarmga  nuabar  of 
targata  plot tad  by  tha  group  by  Condition*  and  Klapaad  Houra  of  Work  ara  shown 
in  Pig.  4.  AMOVA  raaultad  In  algnifioant  aain  affaots  for  Condition* 
(P«59.5|d.f .*3,256ip<0. 00001)  and  for  Klapaad  Hour*  of  Work 
(P*3»98fd.f.*3,256ip<0.01).  Thar*  wa*  a  tandanoy  for  aor*  targata  to  b* 
plot  tad  in  BDU -Control-2  than  in  BDU ->  Control -1  in  hour*  1  and  3|  tha 
diffarenoa  i*  algnifioant  only  for  th#  third  hour.  This  i*  idantloal  to  what 
was  found  with  aala*  by  Pin*  and  Kobriok  (4,5).  Parforaano#  in  each  of  th*  two 
BDU-Control  oondition*  waa  vary  oonalatant,  taatifying  to  th*  affioaoy  of  tha 
training. 

W8BRT  PIOURE  4  ABOUT  HERE 

Whll*  aoouraoy  waa  not  affaotad,  aignifioantly  fawar  targata  war#  plottad 
in  th#  HOPP  oondition*  than  in  aithar  of  tha  BIC- Control  oondition*.  In  tha 
MOPP-Control  oondition,  aiaply  waaring  tha  protaotiv#  suit,  without  th*  add ad 
■traa*  of  haat,  apparantly  intarfarad  with  perforaanoa  a*  it  bad  with  th# 
Oodabook  and  Codawhaal  task*.  Output,  whila  lowar,  navarthala**  waa  vary 
oonslatant  froo  hour  to  hour  (9.65,  8.94,  8.94  and  8.59  avaraga  targata 
plottad  par  parson  par  hour  for  houra  1,  3,  5,  and  7  raspaotivaly). 


Performance  in  the  MOPP-Ccctrol  and  MOPP-Heat-Stress  conditions  did  not 
differ  in  hours  1  and  3,  hut  by  hour  5,  as  oaaualtiaa  atartsd  to  ocour ,  larga 
and  aifnlfioant  decrements  in  productivity  (but  not  aoouraoy) ,  due  to  hast, 
bmoaae  apparent,  increasing  in  tba  seventh  hour. 

KDH2SR  OF  TARGETS  PI  OTTO,  HOURS  2,  4  and  6i  The  results  for  hours  2,  4 
and  6  are  shown  in  Fig.  5.  ANOYA  resulted  in  a  highly  significant  Conditions 
effeot  (Fs36.71 »d.f .*3* 192»p<0. 00001)  and  a  significant  affect  for  Klspsed 
Hours  of  Work  (F*3«78|d.f .*2, 192jp<0.02).  As  a  group,  participants  performed 
approximately  the  ease  in  each  of  the  two  BDU-Control  conditions ;  the  average 
number  of  plots  per  person  per  h  ranged  froa  21.76  to  25.47,  a  very  tight 
envelope. 

INSERT  FIGURE  5  ABOUT  HERE 

Performance  in  the  HOPP-Control  condition  was  signifioantly  poorer  than 
in  either  BDU-Control  condition  at  each  of  hours  2,  4  and  6.  Average  soores 
for  hours  2,  4  and  6  were  not  signifioantly  different  froa  one  another. 

Productivity  in  the  HOPP-Heat -Stress  condition  was  significantly  leas 
than  in  either  BDU-Control  oonditlon  at  eaob  of  hours  2,  4  sad  6.  Productivity 
in  the  hsat  did  not  differ  froa  MOP? -Control  at  hour  2,  but  declined  rapidly 
and  signifioantly  at  hour  4  and  even  further  at  hour  6,  as  the  evacuation  of 
stressed  persons  froa  the  ohaaber  proceeded.. 

RANGE,  DEFLECTION  AND  PLOTTING  RRORSt  As  was  the  oase  in  the  Fine  and 
Kobriok  study  (4,5),  the  training  was  so  effective  that  very  few  errors  were 
made  in  plotting  targets  or  determining  range  sad  defleotion.  Range  errors 
averaged  .22  per  h  per  participant  over  the  entire  study.  Defleotion  errors 
averaged  .41  per  h  sad  plotting  errors  averaged  .76  per  h.  Beoause  of  the  low 
lnoidenoe  of  errors,  statistical  analyses  vers  not  undertaken. 

Fine  and  Kobriok  (4,5)  found  that  the  combination  of  heat  and  protective 


clothing  ltd  to  a  progressive  deterioration  (inoreeaed  error*  or  decreased 
productivity)  of  the  perforaanoe  of  aal*  eoldlera  starting  after  three  to  four 
hours  of  euatained  work.  In  their  study,  IS  of  20  persona  were  able  to 
ooaplete  th*  seven-hour  soenario.  In  ths  present  study,  degradation  of  the 
wen's  perforaanoe  started  at  about  th*  mum  tia*  aa  the  sen's,  bit 
progressed  auoh  sore  rapidly.  Significant  nuabers  of  voiMn  dropped  out  along 
the  way,  so  that  only  7  of  17  voaen  survived  th*  heat  exposure.  Sinot  aost  of 
the  woaen  who  had  to  be  evaouated  were  perforalng  quite  well  up  until  the  tie* 
o  evacuation,  it  is  probably  acre  appropriate  in  this  study  to  refer  bo 
woaen 'a  ability  to  a us tain  perforaanoe,  rather  than  to  the  effeot  of  the 
environmental  stress  on  thair  sen tel  perforaanoe. 

Th#  orltioel  question  la  why  sales  were  able  to  "go  all  the  way,"  albeit 
with  soae  deterioration  in  aental  perforaanoe,  while  aost  feaales  aore  rapidly 
reached  their  Halt  of  endurance,  but  showed  relatively  little  deterioration 
in  perforaanoe  prior  to  reaching  that  liait? 

On*  explanation  aay  11*  in  th*  observation  by  Tin*  and  Kobriok  (4,5)  that 
aany  of  their  aal*  participant*  had  sweated  through  at  least  part  of  th* 
proteotiv*  olothlng  in  th*  heat.  This  was  not  found  to  be  true  of  the  woaen  In 
this  study,  and  is  consistent  with  other  information  (13)  which  lndioates  the* 
feaales  sweat  less  than  sales  at  a  given  teaperaturc.  While  differences  in 
rsotal  teapsratures  were  not  found  between  sale  end  feaal*  group*,  it  is 
possible  that  th*  differential  survival  rates  between  gender*,  at  least  In 
part,  aay  have  been  du*  to  inoreaasd  evaporative  oooling  of  aeny  of  th*  sales, 
because  of  wet  olothlng,  even  with  sin 1 aal  wind  (2.5  aph).  Information  is  not 
available  for  a  sore  detailed  analysis  of  ths  thermal  stats  of  ths  subjeots  in 
either  study. 

Another  explanation  for  the  gender  differences  aay  li#  in  ths  observation 
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that  the  womb  ooaplalned  auoh  aore  frequently  of  upper  body  fatigue  whoa 
wearing  the  protective  olothing .  This  aay  bt  duo  to  differences  in  physical 
fltaooo  aai/or  to  t too  fleet  that  tbs  womb  generally  were  saaller  than  the  mo 
and,  consequently,  were  boaring  proportionately  aoro  weight  on  tbo  uppor  body, 
particularly  u  rogardo  aask  and  hood,  aaking  tho  taako  aoro  phyaloally 
doaondlng  to  perfora. 

Tho  poorer  porforaanoo  of  both  aaloa  and  foaaloo  in  tho  MO PP -Control 
ooadltlon  aa  oooparod  to  tho  two  BDO-Ccntrole  also  is  difficult  to  explain. 
Pint  of  all,  it  is  not  llkoly  that  tho  poorer  porforaanoo  waa  oaused  by 
fsotoro  suoh  as  lapsdod  aanual  dsrtorlty  duo  to  wearing  gloves  or  to  lapalred 
vision  because  of  ths  aaok  (11).  tvsryons  bad  trained  about  9  h  with  aaok 
end/or  gloves  prior  to  the  NOPP-Control  eeeeion  and  no  diffloulties  in  writing 
or  aanlpulating  the  "tools"  bad  been  observed.  Purtheraore,  the  increase  in 
errors  in  the  HOPP-Control  oondition  was  priaarily  due  to  inoreaeee  in  errors 
of  oaiasion. . .to  not  reoelving  awiagn  properly,  for  exaaple,  rather  than  to 
errors  of  onaaleelon,  l.e.,  faulty  writing  or  tool  aanipulation. 

It  is  poasible  that  despite  perforalng  in  NOPP-IY  during  the  training 
weeks,  ths  anticipation  of  wearing  the  protective  suit  in  the  aore  realistic 
situation  of  the  experiaental  week,  in  e  ellaatlo  ohaaber,  with  the  knowledge 
that  7  h  of  endurance  was  sxpeoted,  aroussd  some  snxiety  and  lapossd  its  own 
stress  on  the  subjeots.  If  so, this  sdditional  stress  took  s  greater  toll  of 
the  feaalest  aale  perforaanoe  in  MOPP- Control  always  spproaohsd  BDC- Control 
levels  by  the  seventh  hour,  whereas  feaalee,  ss  s  group,  did  not  show  this 
re oo very . 

It  is  inforastive  to  note  that  for  all  taske,  for  both  genders , 
perforaanoe  in  HOPP-IY  on  lay  4  (M0PP-Heat-8treee)  beam  at  preoieely  the  eaae 
assn  level  that  caoh  group  had  reaohed  at  the  sod  of  7  b  on  Hay  2  in  HOPP-IV 
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(HOPP-Ocntrol).  This  gives  oredenos  to  tfas  oonospt  of  there  being  on 
adaptation  period  la  wearing  the  MOPP  gear)  it  takes  a  while  to  get  used  to 
it.  The  adaptation,  apparently,  was  aore  diffloult,  in  general,  for  women  than 
for  aen.  This  rationale  la  weakened  soaewhat  by  the  faot  that  performance  on 
the  Site  task  wu  not  aignifioantly  af footed  in  the  MOPP -Control  condition. 
Slaoe  thie  wee  the  only  radio  tank  in  vhioh  aoasageo  were  repeated,  deoreaente 
in  the  other  radio  taeke  in  the  HOPP-Control  oondltlon  aay  have  been  a 
funotion  of  a  single  presentation  of  the  aeseagee.  However,  the  faot  that 
performance  on  the  aap  plotting  task,  which  was  not  dependant  on  aeeeege 
repetition,  also  deterioiated  in  the  HOPP-Control  oondltlon  argues  against 
this  latter  interpretation. 

CONCLCSIONSi  If  these  results  oan  be  generalised,  very  serious 
impairments  in  the  ability  to  sustain  psrforaaaoe  of  cognitive  tasks  asy  ooour 
aaong  f seals  personnel  wearing  oheoioal  protective  clothing  in  the  heat)  the 
"unit"  represented  by  the  17  enlisted  women  in  this  study  was  deolaated  by 
more  then  50$  oaaualtles  prior  to  elx  hours  of  heat  exposure.  Additional 
research  is  needed  to  determine  whether  the  gender  differenoes  observed 
between  this  study  and  a  previous  one  with  male  subjeota  reflect  basic 
physical,  physlologlal  or  peyohologloal  differenoes  or  reside  in  transient 
faotors  particular  to  the  samples  involved,  such  as  differenoes  in  physioal 
fitness,  else  or  experienoc. 
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Elapsed  H 


W«.1.  Oodcbook  tuk  total  error*  vooadaaion  ♦  oaiaaion)  aa  group  Man 
peroent  with  W* 17  (atoept  la  boat  vhar*  H  gradually  d*or*aa*d,  h«  tort).  In 
•aoh  ■•riot  of  4  d,  ther*  wer*  two  oontrol  session*  wearing  th*  tattle  dress 
unifora  (KDO),  ou  oontrol  nhIob  wearing  th*  HOPP-IV,  tad  «m  beat-stress 
session  woariag  th*  MOPP-IY.  ft*  BDD  oontrol  sessions  w*r*  at  21.1  Cj  th*  HOP? 
oontrol  ***alon  mi  at  12.8  C  (Judged  th*  equivalent  of  21.1  C)  and  th*  HOPP 
heat-stress  ***aloa  waa  at  32.8  C.  Teak  was  performed  during  hour*  1,  3,  5, 
and  7  only.  BKI -Control - 1£sol id  linej  MOPP-Control*short-daah*d  line i 
BDU-Control-2*long -dashed  lin*|  MOPP-H*at-Str*ss*dott*d  line. 


Elapsed  Hours  of  Work 


Pig.  2.  Oodawhatl  taak  total  arror*  (oommiaaion  +  oaiaiion)  u  group  moan 
paroant  with  H*17  (axoapt  in  haat  whara  M  gradually  dacraaaad,  aaa  tart).  In 
•a oh  aeriaa  of  M,  thar*  war*  two  oontrol  aaaaiona  waaring  tha  fcattl*  draaa 
uniform  (EDO) ,  on*  oontrol  aaasion  waaring  tha  HQPP-IY,  and  one  haat-atraaa 
aoaaion  waaring  tha  HOPP-IY .  da  BSD  oontrol  aaaaiona  war*  at  21.1  C)  tha  MOPP 
oontrol  sauion  waa  at  12.8  C  (Judgad  tha  aquivalant  of  21.1  C),  and  tha  HOPP 
haat-atraaa  aaaaioc  waa  at  32.8  C.  Taak  waa  parformad  during  hour*  1,  3*  5, 
and  7  only.  BJXJ- Control -1caolid  line i  NOPP- Control *ahort-daah*d  lina  ? 
BD0-Control-2slong-daahad  lina?  MOPP-H*at-Str*aa*dott*d  lina. 


SUpwd  Hours 


w«.  3.  8  it*  ooaputation  task  total  errors  ( ©omission  *  Mission)  ss  group 
msn  percent  with  M*17  (except  in  heat  where  H  gradually  deoreased,  see  text). 
In  each  series  of  t  d,  there  were  two  control  sessions  wearing  the  battle 
dress  unifora  (BDU),  one  control  session  wearing  the  MOPP-IV,  and  one 
iieet-streaa  session  wearing  the  HOPP-IY.  The  BDO  control  sessions  were  at  21.1 
C|  the  MOPP  oontrol  session  was  at  12.8  C  (judged  the  equivalent  of  21.1  C), 
and  the  MOPP  heat-stress  session  was  at  32.8  C.  Task  was  perforaed  during 
hours  1 ,  3t  5,  and  7  only.  KDU-Control- 1=solid  lint |  MO PP-Controlr short -dashed 
line)  RDU-Control -2= long -dashed  line)  MOPP-Heat-Stress -dotted  line. 


Pig.  4*  Targat  plotting  ooncurrant  with  radio  mmi(m  aa  tha  ouator  of 
targata  plottad  with  B* 17  (axcapt  la  boat  whara  M  gradually  daoraaaad,  aaa 
*txt).  In  aaoh  arrlaa  of  4  d,  thara  wara  two  ooctrol  aaa a Iona  waarlng  tha 
battla  draaa  unifora  (HW) ,  oca  ooatrol  aaa  Bloc  waarlng  tha  MOPP-IV,  and  oca 
haat-a treat  aaaalon  waarlng  tha  HOPP-IY.  Tha  SIC  oontrol  aaaalona  wara  at  21.1 
0|  tha  NOPP  oontrol  aaaalon  waa  at  12.8  C  (Judged  tha  equivalent  of  21.1  C), 
and  tha  MOPP  haat-atraaa  aaaalon  waa  at  32.8  C.  Raaulta  dapiotad  hara  ara  for 
houra  1,  3,  5*  and  7  only.  BDC -Control -1*aol id  line  j  MOPP-Control«abort-daahad 
llnai  BDU-C<mtrol-2*long-deah*d  Una j  HOPP-Haat>8traaa*dottad  line. 


Nf.  5.  plot  tint  m  tho  nuabar  of  targota  plot  tod  with  H«17  (oxoopt 

In  hoot  wharo  H  gradually  dooroaaod,  too  toxt).  In  oaoh  oorioo  of  4  d,  thoro 
woro  two  ooatrol  aoaaiooa  woaring  tho  battlo  Atom  uniform  (BDO),  on#  oontrol 
•ooalon  woaring  tho  HOPP-IV,  and  ona  haat-atroaa  aaaalon  woaring  tha  MOPP-lv. 
Tha  KDU  ooatrol  aoasiona  woro  at  21.1  Cf  tho  HOPP  oontrol  aoaaion  waa  at  12.8 
C  ( Judgad  tho  oquivalont  of  21.1  C),  and  tho  HOPP  hoat-atroaa  aaaalon  waa  at 
52.8  C.  Roaulta  depiotod  hara  aro  for  hour*  2,  4 ,  and  6  only.  BEC-Control- 1= 
solid  lino |  MOPP-Control«ohort-daahod  lintj  BBU-Control-2«long*daahad  linaj 
M0PP-Hoat-8troaa *dottad  lino. 


